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Overall Idea: Add ne, Te diagnostics to Bayesian Analysis
- Polarimetry
| Relativistic Model Testing ]
- Core LIDAR
- Edge LIDAR
- Equilibrium
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Instead, calculate y,, from toroidal currents J, include magnetics diagnostics and invert to full posterior:
Finds combinations of / and Ng that are consistent with both interferometry and magnetics (and with Ng and J priors).
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Instead, calculate y,, from toroidal currents J, include magnetics diagnostics and invert to full posterior:
Finds combinations of / and Ng that are consistent with both interferometry and magnetics (and with Ng and J priors).
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profile can make interferometry data make sense.
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Each sample is also a possible set of / given magnetics and interferometry.
Deliberatly using over-weak currents priors, that with only magnetics gives:
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variation in ne profiles used, predictions are well determined.
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Use well known full plasma polarisation evolution equation.
Depends primarily on n, and B.

To test model:
- Predict final polarisation from samples of P(n, | D, e/ BegT):

- Take mean and standard deviation of rotation ’l,l) and ellipticity X.
- Compare to measured data.

Grey bands represent 20 of P( ¢/x | B, D). Despite large
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1,1) 1 Channel 5: I / 50 p
] o 111Gl ! S b e ()
] 3 49] L 61 | Vr'l'
E = 40, Ml 2 ,
] 0 354 ‘ 0 51
] T onl a
: 30{ M 4]
] 257
201 3] [ ,I
' ' ' ' ' 157 ol bl
107 ! i 0 v I
X ]—— Measured 5 o .. 114 :
3 T Predicted P( y/x | B, D) 0 I A e
. \ 0 5 10152025 30 354045 50 1 2 \3 4 7
] Measured Measured
; Good agreement for channel 5. Only the full forward model
can calculate X for lateral channels.

Often, ¥ and X approximated by 'Faraday' and 'Cotton-Mouton' effects, each valid in specific cases not
generally true on JET. Lots of effort spent trying to 'correct' the calculations back to the full model. Leads to
confusing mix of terminology and unnecessary inaccuracy that gets confused with real diagnostic uncertainty.
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effects (quoted as large for T > ~5keV) derived from kinetic theory.

a) S.E. Segre (2002): Argues non-relativistic kinetic approximation is sufficient.

b) V.V. Mirnov (2007): Argues mass increase of electron is important and derives a weakly relativistic approx.
We should be able to test, but...
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As well as 'cold plasma' model (fluid approx), two papers gave ‘corrections' for high-T,
effects (quoted as large for T > ~5keV) derived from kinetic theory.
a) S.E. Segre (2002): Argues non-relativistic kinetic approximation is sufficient.

b) V.V. Mirnov (2007): Argues mass increase of electron is important and derives a weakly relativistic approx.
We should be able to test, but...

For core (high-T,) channels, measurement and prediction for cold plasmas differ systematically over entire
pulses and campaigns. Partly due to inaccurate knowledge of B (from magnetics EFIT here), but diagnostic
behaviour is not fully understood (optics etc) and the calibration varies significantly.

Uncertainty due to calibration is much larger than model differences and is systematic for entire
pulses:
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a) S.E. Segre (2002): Argues non-relativistic kinetic approximation is sufficient.
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For core (high-T,) channels, measurement and prediction for cold plasmas differ systematically over entire
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Can easily find pulses that agree with any model.
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Ellipticity: (Measured — Cold) / degrees

Assume only that calibration cannot depend on plasma core T..
(whatever it is, it is in the optics and electronics)
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For some pulses:

1) Use cold plasma model on cold plasma,
to fix calibration params of forward model for
diagnostic optics.

2) Compare data in high Te period.
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TS physics well understood but hardware system very complex.
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Beam dump position + timing --> Uncertain position.
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Relative Channel timing --> T, + n, shape!
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Thomson Scattering diagnostics each using a single spectrometer set and time of flight for positioning.

TS physics well understood but hardware system very complex.

Spatial Resolution:

Effective convolution of light signal.
If ignored (chainl): Convolves n. but complex effect on 7.
No problem for forward modelling: we just convolve the signal.

Calibrations:

Beam dump position + timing --> Uncertain position.
Optical transmission + laser energy --> ne magnitude.
Spectrometer Relative Sensitivities --> T magnitude.

Relative Channel timing --> T, + n, shape!

Created full detailed forward model including every part of the system:

+Calibration Feedback Light

+Stray Light

+Plasma TS Light

+PMT switch-on
effects

+Beam dump light.

Electronic Baseline
time / ns
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Core + Edge LIDAR I: The systems

Thomson Scattering diagnostics each using a single spectrometer set and time of flight for positioning.

TS physics well understood but hardware system very complex.

Spatial Resolution:

Effective convolution of light signal.
If ignored (chainl): Convolves n. but complex effect on 7.

No problem for forward modelling: we just convolve the signal.
Calibrations:

Beam dump position + timing --> Uncertain position.
Optical transmission + laser energy --> ne magnitude.
Spectrometer Relative Sensitivities --> T magnitude.

Relative Channel timing --> T, + n, shape!

Created full detailed forward model including every part of the system:

+Calibration Feedback Light +Stray Light

Data +Plasma TS Light

N

+PMT switch-on
effects

Stray light effects low signal
(low ne) data on both systems
but is vital for proper edge
LIDAR analysis.

+Beam dump light.

Electronic Baseline

time / ns
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Core + Edge LIDAR |: The model

1) Really understand how each part of the
system works:

Laser Pulse, TS physics, Optics, Filters,
Photomultipliers, Counting Noise (PDFs), ADCs.

Imperial College
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Core + Edge LIDAR |: The model

1) Really understand how each part of the
system works:

Laser Pulse, TS physics, Optics, Filters,
Photomultipliers, Counting Noise (PDFs), ADCs.
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Core + Edge LIDAR |: The model

1) Really understand how each part of the 2) Develop MINERVA node for each part of the system.
system works: 3) Connect it all together and a plasma model.
Laser Pulse, TS physics, Optics, Filters,

Photomultipliers, Counting Noise (PDFs), ADCs.
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Core + Edge LIDAR |: The model

1) Really understand how each part of the 2) Develop MINERVA node for each part of the system.
system works: 3) Connect it all together and a plasma model.
Laser Pulse, TS physics, Optics, Filters, , | |

Photomultipliers, Counting Noise (PDFs), ADCs. Add other modules for
| the rest of the model.
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1) Really understand how each part of the
system works:

Laser Pulse, TS physics, Optics, Filters,
Photomultipliers, Counting Noise (PDFs), ADCs.
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Iysis of Electron Kinetic Profiles.

Core + Edge LIDAR |: The model

Imperial College
London

2) Develop MINERVA node for each part of the system.
3) Connect it all together and a plasma model.

Add other modules for

the rest of the model.
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)alysis of Electron Kinetic Profiles.

Core + Edge LIDAR |: The model

1) Really understand how each part of the
system works:
Laser Pulse, TS physics, Optics, Filters,

Photomultipliers, Counting Noise (PDFs), ADCs.

Z/m

Imperial College
London

2) Develop MINERVA node for each part of the system.
nnnect it all together and a plasma model.
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Core + Edge LIDAR |: The model

1) Really understand how each part of the 2) Develop MINERVA node for each part of the system.
system works: 3) Connect it all together and a plasma model.

Laser Pulse, TS physics, Optics, Filters,

Photomultipliers, Counting Noise (PDFs), ADCs. =Vl =
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Iysis of Electron Kinetic Profiles.

Core + Edge LIDAR |: The model

2) Develop MINERVA node for each part of the system.
3) Connect it all together and a plasma model.

1) Really understand how each part of the
system works:
Laser Pulse, TS physics, Optics, Filters,

Photomultipliers, Counting Noise (PDFs), ADCs.

Imperial College
London
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Core + Edge LIDAR |: The model

1) Really understand how each part of the 2) Develop MINERVA node for each part of the system.
system works: 3) Connect it all together and a plasma model.

Laser Pulse, TS physics, Optics, Filters,
Photomultipliers, Counting Noise (PDFs), ADCs. —
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Core + Edge LIDAR lll: Early results (2008)

Early results:
Core LIDAR + Interferometry on EFIT Wy
Weak priors on all calibration parameters except relative sensitivities (T magnitude calibration).
Most calibrations are determined by consistency and data (either LIDAR or Interferometry).
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Core + Edge LIDAR lll: Early results (2008)

Early results:
Core LIDAR + Interferometry on EFIT Wy
Weak priors on all calibration parameters except relative sensitivities (T magnitude calibration).
Most calibrations are determined by consistency and data (either LIDAR or Interferometry).
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Core + Edge LIDAR lll: Early results (2008)

Early results:
Core LIDAR + Interferometry on EFIT Wy
Weak priors on all calibration parameters except relative sensitivities (T magnitude calibration).
Most calibrations are determined by consistency and data (either LIDAR or Interferometry).
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Core + Edge LIDAR |V: Pedestal Information from core LIDAR.

Core LIDAR has ~12cm convolution and data points for every 3cm - it will never completely 'resolve' the
pedestal. But, can it tell us anything, if we help it out a bit?...
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Core + Edge LIDAR |V: Pedestal Information from core LIDAR.

Core LIDAR has ~12cm convolution and data points for every 3cm - it will never completely 'resolve' the
pedestal. But, can it tell us anything, if we help it out a bit?...

- Inversion directly to 1D ne(R) (no flux mapping etc) and use modified tanh profile + knots for core.
- Hold all calibration and use Core LIDAR only.
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Core + Edge LIDAR |V: Pedestal Information from core LIDAR.

Core LIDAR has ~12cm convolution and data points for every 3cm - it will never completely 'resolve' the
pedestal. But, can it tell us anything, if we help it out a bit?...

- Inversion directly to 1D ne(R) (no flux mapping etc) and use modified tanh profile + knots for core.
- Hold all calibration and use Core LIDAR only.
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Core + Edge LIDAR |V: Pedestal Information from core LIDAR.

Core LIDAR has ~12cm convolution and data points for every 3cm - it will never completely 'resolve' the
pedestal. But, can it tell us anything, if we help it out a bit?...

- Inversion directly to 1D ne(R) (no flux mapping etc) and use modified tanh profile + knots for core.
- Hold all calibration and use Core LIDAR only.

1A

S~
()
c

Y




PAnalysis of Electron Kinetic Profiles. Imperial College
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Core + Edge LIDAR |V: Pedestal Information from core LIDAR.

Core LIDAR has ~12cm convolution and data points for every 3cm - it will never completely 'resolve' the
pedestal. But, can it tell us anything, if we help it out a bit?...

- Inversion directly to 1D ne(R) (no flux mapping etc) and use modified tanh profile + knots for core.
- Hold all calibration and use Core LIDAR only.
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Core + Edge LIDAR IV: Pedestal Information from core LIDAR,

Core LIDAR has ~12cm convolution and data points for every 3cm - it will never completely 'resolve' the
pedestal. But, can it tell us anything, if we help it out a bit?...

- Inversion directly to 1D ne(R) (no flux mapping etc) and use modified tanh profile + knots for core.
- Hold all calibration and use Core LIDAR only.
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Core + Edge LIDAR |V: Pedestal Information from core LIDAR.

Core LIDAR has ~12cm convolution and data points for every 3cm - it will never completely 'resolve' the
pedestal. But, can it tell us anything, if we help it out a bit?...

- Inversion directly to 1D ne(R) (no flux mapping etc) and use modified tanh profile + knots for core.
- Hold all calibration and use Core LIDAR only.
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Core + Edge LIDAR |V: Pedestal Information from core LIDAR.

Core LIDAR has ~12cm convolution and data points for every 3cm - it will never completely 'resolve' the
pedestal. But, can it tell us anything, if we help it out a bit?...

- Inversion directly to 1D ne(R) (no flux mapping etc) and use modified tanh profile + knots for core.
- Hold all calibration and use Core LIDAR only.
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Core + Edge LIDAR V: Add edge LIDAR.

As with core LIDAR, calibrations (position, ne magnitude etc) all have uncertainty (some large).



alysis of Electron Kinetic Profiles. Imperial College
London
Core + Edge LIDAR V: Add edge LIDAR.
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Same model,
SO same code.
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As with core LIDAR, calibrations (position, ne magnitude etc) all have uncertainty (some large).

- Photoelectron calibration implies noise level much less than observed - recalculated from noise on data.
- Relative sensitivities (Te calibration) seem to disagree with other diagnostics, so give wide prior.

- Stray light a BIG problem for low ne shots - aquire from dry-runs.
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Core + Edge LIDAR VI: Calibrations Inference.

Find posterior maximum (best fit) for mtanh parametrised n( w,,) and T.( y,,) with Core+Edge LIDAR
with completely free edge LIDAR T, calibrations. Look at inferred calibration for C25-present:

Te ~ From Core
Lidar

1.2\7 (Ch2 VS Chl Most effect on Te for low Te' ped)
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This is effectively a cross calibration with Core LIDAR (not easy normally).
See a slow drift to edge LIDAR calibration, but overall a significant difference to calibration usually used.
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So now, have we constrained the picture enough to do some physics ?
Looked at pedestal widths using Core + Edge LIDAR + Interferometry:
Works, but usually (pre-ELM) insists T, pedestal is < 7mm.
No JET diagnostic can outright disagree, does anyone know for certain?



alysis of Electron Kinetic Profiles. |mperia| CO"EQE
- London

Core + Edge LIDAR VI: Calibrations Inference.

Find posterior maximum (best fit) for mtanh parametrised n.( ¢, ) and T.( ¢, ) with Core+Edge LIDAR
with completely free edge LIDAR T, calibrations. Look at inferred calibration for C25-present:

Te ~ From Core
Lidar

1.2\— (Ch2 Vs Chl Most effect on Te for low Te ped)

73000 ' - oL Lo 80000

This is effectively a cross calibration with Core LIDAR (not easy normally).
See a slow drift to edge LIDAR calibration, but overall a significant difference to calibration usually used.
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So now, have we constrained the picture enough to do some physics ?
Looked at pedestal widths using Core + Edge LIDAR + Interferometry:
Works, but usually (pre-ELM) insists T, pedestal is < 7mm.
No JET diagnostic can outright disagree, does anyone know for certain?
Only remaining reason might be mapping (since we're fixed to so far).
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NB: It's not immediately clear how restrictive force balance (GS equation) actually is, since it is almost
always used with strong prior constraints on p' (or p - the equilibirum pressure) and ff'

(or f - the poloidal current flux). With weak (almost no) contraints on p' and ff', degeneracy of solutions
is still huge.

Assume GS equality is, at least close to correct: assign a PDF on difference:

P(/, p', ff') = G(J-Rp'-ff'/R; O, oGS) with relativly small o..

The posterior P(J, p', ff' | Dgjags + ~Equilibrium) should include all possible
combinations of /, p' and ff' that are consistent with the diagnostics, the priors and describe a plasma
very close to equilbrium.

Adding to model (and the code) is fairly trivial:

) !
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Plasma Beam Currents
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Adding to model (and the code) is fairly trivial:
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ﬁlFluxGnd
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However, equilibrium condition may give enough constraint. Jp = Rp + Eff’

NB: It's not immediately clear how restrictive force balance (GS equation) actually is, since it is almost
always used with strong prior constraints on p' (or p - the equilibirum pressure) and ff'

(or f - the poloidal current flux). With weak (almost no) contraints on p' and ff', degeneracy of solutions
is still huge.

Assume GS equality is, at least close to correct: assign a PDF on difference:
P(/, p', ff') = G(J-Rp'-ff'/R; O, oGS) with relativly small o..

The posterior P(J, p', ff' | Dgjags + ~Equilibrium) should include all possible

combinations of /, p' and ff' that are consistent with the diagnostics, the priors and describe a plasma

very close to equilbrium.

Adding to model (and the code) is fairly trivial: pREm———

i
p (LI"N) - Equilibium estonbe—— gquiConstraint
Exploring the PDF is currently beyond the
capability of our the present algorithms (MCMC), ff' (LIJN) -
even for low resolution parametrisations.

PoloidalCurrentFluxFromDifferential |

—

ﬁlFluxGnd

Plasma Beam Currents

Even finding the maximum (best fit) is hard,
but can now be done...

| q
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J¢: Current beams with higher resolution near edge (~1cm, ~5cm in core).

No smoothing priors, just /¢ < 100MA m-2,

LCFS etc not really
influenced by exactly
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p'(wy), ff'(wy): 20 knots, weak smoothing priors. 5
Fairly strong prior for small SOL p' and ff' (but not fixed) ianbdaia 1 rednaa
Has anyone measured JSOL
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Because of modularity, we can switch parametrisation and priors of /, p' and ff' at will and on-the-fly.
For H-Mode, fast changes at edge so:
Jo: Current beams with higher resolution near edge (~1cm, ~5cm in core). LCFS etc not really

No smoothing priors, just /¢ < 100MA m-2, mﬂuencgd by exactly
p'(wy), ff'(wy): 20 knots, weak smoothing priors. where high-res
Fairly strong prior for small SOL p' and ff' (but not fixed) beams are.
Has anyone measured J50|_ [
Clearly massively degenerate, so adjust p' and ff' priors to get somethmg Z
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Magnetics data seems to see edge current (and hence some p').
Exact magnitude you get does depend on priors.
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Magnetics data seems to see edge current (and hence some p').
Exact magnitude you get does depend on priors.
But... Hold priors and run accross H-mode pulse. Is there any vague trend?
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Jo: Current beams with higher resolution near edge (~1cm, ~5cm in core). LCFS etc not really
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Magnetics data seems to see edge current (and hence some p').
Exact magnitude you get does depend on priors.
But... Hold priors and run accross H-mode pulse. Is there any vague trend?
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Conclusions so far and work to do...
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